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CC BY-NC-ND license (http://creativeAbstract Objective: To propose and test a new approach based on community detection in
the field of social computing for uncovering consensuses and treatment principles in traditional
Chinese medicine (TCM).
Methods: Three Chinese databases (CNKI, VIP, andWan Fang Data) were searched for published ar-
ticles on TCM treatment of diabetic nephropathy (DN) from their inception until September 31,
2014.Zhengclassificationandherbdatawereextractedfromincludedarticlesandusedtoconstruct
a Zheng classification and treatment ofdiabetic nephropathy (DNZCT) networkwith nodes denoting
Zhengs andherbs andedgesdenoting corresponding treating relationships among them.Community
detection was applied to the DNZCT and detected community structures were analyzed.
Results: A network of 201 nodes and 743 edges were constructed and six communities were de-
tected. Nodes clustered in the samecommunity captured the same semantic topic; different com-
munities had unique characteristics, and indicated different treatment principles. Large
communities usually represented similar points of view or consensuses on common Zheng diagno-
ses and herb prescriptions; small communities might help to indicate unusual Zhengs and herbs.
Conclusion: The results suggest that the community detection-based approach is useful and
feasible for uncovering consensuses and treatment principles of DN treatment in TCM, and could
be used to address other similar problems in TCM.
ª 2015 Beijing University of Chinese Medicine. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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Detection of consensuses and treatment principles of diabetic 271IntroductionIn complex network theory, a social network is a social
structure made of nodes (individuals or organizations) con-
nected by edges to exemplify various relationships such as
friendship, affiliation, or cooperation. Community detection
is one of the fundamental tasks in social network analysis. It
solves problems by studying groups rather than individuals.
Finding a community in a social network is a function of
identifying a group of nodes that interact with each other
more frequently than with nodes outside the group.1 The
real-world significance of identifying such communities are,
for example, that friends in the same group share more
similar interests and interact with each other more
frequently2; that community analysis has uncovered the-
matic clusters on the Internet3; and, in biochemical or neural
networks, that communities may be functional modules.4
Nowadays, social computing research has gradually shifted
from its traditional research fields such as computer science
and engineering to other fields such as health services and
communications.5 He6 et al and Chang7 et al extended social
cooperation networks to the field of traditional Chinese
medicine (TCM) based on a theory that different herbs work
together in a complementary manner to treat a disease.
Their research also presented a traditional Chinese herbal
prescription formulation network (TCHPFN).
In China, TCM herbal formulas have been widely used to
treat many diseases. Zheng classification and treatment
(ZCT, bian zheng lun zhi, in Chinese) is a unique feature of
TCM, and use of TCM herbal formulas must follow ZCT. Many
studies have been conducted to illustrate that treatment
based on Zheng classification can improve specificity and
efficiency in both TCM and Western medicine.8e10 However,
Zheng classification depends mostly on the observations,
knowledge, and clinical experience of TCM practitioners.11
Zheng diagnosis always varies from practitioners, leading to
different formulas, although with equivalent efficacy. There
might be underlying consensuses and treatment principles
among TCM practitioners to guide their treatments. There-
fore,weproposed a community detection-based approach to
uncover the underlying consensuses and treatment princi-
ples, and tested the approach by applying it to the Zheng
classification and treatment of diabetic nephropathy
(DNZCT) data. We present the DNZCT network as a social
cooperation network of different Zhengs and herbs, and
analyze the potential communities in the DNZCT.
Materials and methods
Search strategy
Databases searched include the China National Knowledge
Infrastructure Database (CNKI), the Chongqing VIP Chinese
Science and Technology Periodical Database (VIP), and Wan
Fang Data from their inception to September 31, 2014. The
following search terms were used individually or combined:
“DN”, “diabetic nephropathy”, “xiao ke (in Chinese)”,
“xiao ke shen bing (in Chinese)”, “traditional Chinese
medicine”, “Chinese herbal medicine”, “herb”, “Zheng”,
“bian zheng lun zhiin Chinese”.Inclusion criteria
We included those articles that focused on the Zheng
classification and treatment of DN and that contained
specific information on ZCT and herbs.
Exclusion criteria
We excluded: (1) reviews without Zheng and herb infor-
mation; (2) articles on animal or cell experiments; (3)
meta-analyses and articles on safety and effect evaluation;
(4) studies on data mining or bibliometrics; (5) news; and
(6) studies with unclear data.
Article selection proceeded as shown in Fig. 1.
Data extraction
Data were extracted using a predesigned data extraction
table. The extracted data included Zheng classification,
herbs, and ZCT details.
Quality control
Two authors conducted the literature search (TX, XQY),
study selection (TX, XQY), data extraction (TX, XQY), and
data processing (TX, XQY) independently. Disagreements
were resolved by discussion and reaching consensus through
third-party (MQG) intervention.
Two-mode network
In TCM practice, the practitioner examines the patient
through four diagnostic methods (looking, listening and
smelling, asking, and touching) and also uses certain
biochemical tests results to reach a Zheng diagnosis. Then
the practitioner prescribes a customized TCM herbal for-
mula comprising several herbs to heal the patient. Each
herb is prescribed to treat the Zheng. In graph theory, a
two-mode network is also called a bipartite graph,12 in
which the nodes are divided into two disjoint sets, U and V.
Each edge connects a node in U to a node in V. In our study,
the relationships between herbs and Zhengs can be
modeled as a two-mode network. The herb node is one
mode, and the Zheng node is the other. Each treating
relationship between herb and a Zheng is an edge. Fig. 2
shows the relationships in this two-mode network. Edges
only exist between herb nodes and Zheng nodes, and there
are no edges within the mode.
We classified the data we collected into a node list and
an edge list. The node list comprised two sets of nodes; one
was a list of all Zhengs, and the other was a list of all herbs.
The edge list was a list of edges that connected all Zhengs
and herbs. The two-mode network was therefore con-
structed by the node list and the edge list.
Community detection
Our task was to analyze a two-mode network as described
above. Many researchers have used the projection method
to transform a two-mode network into a one-mode
272 X. Tong et al.network. This projection-based transition may lose some
properties of the network structure.13 In our study, we used
a spectral co-clustering algorithm that extended spectral
analysis to a two-mode network. We denoted a two-mode
network Gn,m with n rows and m columns. Mode u had n
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Hence, we could normalize the adjacency matrix as:Figure 1 Flow diagram~AZD1=2u AD
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The matrix ~A was then decomposed by the singular value






was a diagonal matrix that consisted of singular
values of matrix ~A. If the expected number of communities
in the two-mode network was k, then let SðuÞZU1:k,
SðtÞZV1:k. The community detection results could be ob-
tained by applying the k-means clustering method to the











As the number and sizes of potential communities were
unknown in advance, there had to be a measure for the
possible results of community detection. For one-mode
networks, modularity Q has been widely accepted as a
measure for communities.14 Modularity Q was introduced












 ð8Þof study selection.
Figure 2 A simple illustration of a two-mode network of Zhengs and herbs.
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node vi and vj, and di and dj are the degrees of node vi and







1 vi and vj are in the same community
0 others
ð9Þ
This index provides a quantitative measurement to
decide the best division of networks. The larger the value
of Q, the more accurate the network partitioning. For the
two-mode network in our study, we applied the bipartite
modularity, which was more appropriate and proposed by
Barber as an extension of Newman’s work.16 The bipartite















where PijZdidj=m is the expectation of the possibility of
connection between node ui, and vj, di and dj are the de-








1 ui and vj are in the same community
0 others
ð11Þ
Therefore we sought to find a partition with a higher
bipartite modularity Q without a pre-determined k value.
Quantitative definition of community
In topology, a community is a group of nodes that interact
with each other more frequently than with those outside of
the group. In practical applications, we needed additional
non-topological information on the nature of the network
to understand which of the network groups had real sig-
nificance.17 Radicchi17 et al gave a precise quantitative
definition, and if the detected group did not meet the
criterion, the group isolated from the network was not a
community. The definition was described as follows.For the definition of community in a strong sense, the
subgraph V is a community in a strong sense if
kini ðVÞ> kouti ðVÞ; ci˛V: ð12Þ
In a strong community, each node has more connections
within the community than with the rest of the graph. For
the definition of community in a weak sense, the subgraph






In a weak community, the sum of all degrees within V is
larger than the sum of all degrees within the rest of the
network.
Inspired by the comparative definition of one-mode
networks, Poon18 et al proposed a comparative definition
of community in bipartite networks that we used in our
study.
For the definition of community in a strong sense, the
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For the definition of community in a weak sense, the











where u is the set of nodes different from node i and j, and
node a is an element in it. Aia  ATja represents the number
of nodes i and j sharing node a.
Proposed approach
We started by classifying the collected DN treatment data
into a node list and an edge list. A two-mode network
DNZCT was constructed by the node list and edge list. Then
a spectral co-clustering algorithm was applied to the DNZCT
Figure 4 Overview network of the DNZCT.
274 X. Tong et al.to identify potential communities. The bipartite modularity
Q and quantitative definition were used to evaluate the
best Zhengeherb community results. Fig. 3 depicts the
overall approach.
Results
Overview of the DNZCT network
From the processed data, we created a node list of 201
nodes and an edge list of 743 edges. We constructed a
DNZCT network with 64 Zheng nodes, 137 herb nodes, and
743 edges. Fig. 4 provides an overview of the DNZCT
network. Nodes denote Zhengs and herbs (red for Zhengs,
blue for herbs), whereas edges denote treating relation-
ships between Zheng nodes and herb nodes. We repre-
sented the frequency of Zhengs or herbs recorded in
included articles as the size of a node; for example, a more
frequently used herb in articles could be visualized as a
herb node that is larger as well as having a larger label
word. For clarity of display, each herb and Zheng was
assigned a number, and is represented by that number in
the following figures. The numbers are given in Appendix A
and B. H is short for herb, and Z is short for ZHENG.
In the center of the DNZCT network were several
significantly larger nodes, indicating their high frequency in
clinical practice. The top 11 high-frequency herbs are
visualized in Fig. 5.
Detected communities
We finally identified six communities of varying sizes after
community detection and evaluation (Fig. 6).
Community 1
For clarity, each community is depicted individually in the
following figures. Community 1 (Fig. 7) comprised 60 nodes
and 138 edges. Zheng nodes included qi deficiency and
blood stasis (Zheng number and ChineseeEnglish trans-
lations are given in Appendix B), qi stagnation and blood
stasis, and blood stasis obstructing the collaterals. All
Zheng nodes shared the “blood stasis” topic. Herb nodes in
community 1 included danshen root (Salvia miltiorrhiza
Bge.) (herb number and translation are given in Appendix
A), Chinese angelica [Angelica Sinensis (Oliv.) Diele], and
peach seed [Prunus persica (L.)Batsch]. Most of the herbsFigure 3 Overahave the effect of invigorating blood circulation, promoting
the circulation of qi, and dredging collaterals.Community 2
Community 2 (Fig. 8) comprised 24 nodes and 54 edges.
Zheng nodes included qi and yin deficiency (early stage,
middle stage, and stage unknown), yin deficiency and
dryness-heat (stage unknown), and yin deficiency in the
lung and kidney (early stage). Early-stage Zhengs accoun-
ted for the most. All the Zheng nodes shared the topic of
“qi deficiency” and “yin deficiency”. Herb nodes in com-
munity 2 included coastal glehnia root (Glehnia littoralis
Fr. Schmidt ex Miq.), Chinese wolfberry root/bark (Lycium
chinense Mill.), and dwarf lilyturf tuber [Ophiopogon
japonicas(L.f.)Ker-Gawl.]. All of the herbs are cold and
cool, attributed to the lung, stomach and kidney meridians,
and function to replenish yin, clear heat, reinforce qi, and
moisten dryness.ll approach.
Figure 5 Word cloud of top 11 high-frequency herbs. Note:
font size is proportional to the frequency of herbs.
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Community 3 (Fig. 9) comprised 18 nodes and 32 edges.
Zheng nodes in community 3 included blockage and repul-
sion due to constipation, excessive dampness due to defi-
ciency in the spleen, and internal retention of dampness-
heat. Characteristics of the pathogenesis of these Zhengs
were pathological substances retention and disordered qi
activity. Herb nodes in community 3 included pinellia tuber
[Pinellia ternate(Thunb.)Breit.], atractylodes rhizomeFigure 6 Six detected com[Atractylodes lancea(Thunb.)DC.], and dried tangerine
peel (Citrus reticulate Blanco). These herbs are either ar-
omatic or warm and dry, and show efficacy in resolving
dampness, removing turbid substances, and restoring qi
activity.
Community 4
Community 4 is shown in Fig. 10. The Zheng node in com-
munity 4 was stirring of internal wind due to dampness-
heat, and corresponding herb nodes were Cicada Slough
(Cryptotympana pustulata Fabricius), Stiff Silkworm
(Bombyx mori L.), Scorpion (Buthus martensii Karsch), and
Centipede (Scolopendra subspinipes mutilans L. Koch).
They are all insects and believed to have the medicinal
effect of expelling wind, dredging deep collaterals, and
activating local blood circulation to relief pain.
Community 5
Community 5 is shown in Fig. 11. The Zheng node in com-
munity 5 was blockage and repulsion due to dampness-heat
(late stage). Herbs used to treat this Zheng were perilla
stem [Perilla frutescens(L.)Britt], immature orange fruit
(Citrus aurantium L.), bamboo shavings (Bambusa tul-
doides Munro), which are with the efficacy of bringing down
adverse flow of qi and clearing heat to relieve vomiting.
Community 6
Community 6 (Fig. 12) comprised five nodes and four edges.
The Zheng node was dysfunction in essence storage. Herbsmunities in the DNZCT.
Figure 9 Community 3.
Figure 7 Community 1.
276 X. Tong et al.used were palmleaf raspberry fruit (Rubus chingii Hu),
mantis egg-case (Tenodera sinensis Saussure), sharpleaf
glangal fruit (Alpnia oxyphylla Miq.), and smoked plumFigure 8 Community 2.[Prunus mume (Sieb.) et Zucc]. They tonify the kidney and
secure and replenish essences.Discussion
We first constructed a DNZCT network with herb nodes,
Zheng nodes, and edges denoting the corresponding treat-
ing relationships between Zhengs and herbs. In previous
work,6,7 TCHPFN network was constructed with a herb node
connecting with another herb node from the same herbal
formula to present which herbs work together to treat a
diseases. This one-mode network is concise to understand
and easy to analyze. However, we cannot get moreFigure 10 Community 4.
Figure 11 Community 5.
Detection of consensuses and treatment principles of diabetic 277information regarding treatment from it. In DNZCT, all
Zhengs, herbs, and corresponding treating relationships
came from scholarly articles published by different TCM
practitioners, therefore the DNZCT network could be
regarded as a social cooperation network in which different
Zhengs and herbs are connected with each other to
exemplify how TCM practitioners treat DN. And the DNZCT
network could be used to represent views and perceptions
of TCM practitioners regarding the ZCT of DN.Figure 12 Community 6.Among the top 11 high-frequency herbs in the DNZCT,
we found six herbsdprepared rehmannia root (Rhe-
mannia glutinosa Libosch), asiatic cornelian cherry fruit
(Cornus officinalis Sieb.et Zucc.), common yam rhizome
(Dioscorea opposite Thunb.), tree peony bark (Paeonia
suffruticosa Andr.), Indian bread [Poria cocos (Schw.)
Wolf], oriental waterplantain rhizome [Alisma orientalis
(Sam.)Juzep.]dthat are the composition of the famous
formula Liu Wei Di Huang Wan, which is commonly used in
TCM to treat patients with diabetes.19 This suggests that
there might be a consensus of using Liu Wei Di Huang Wan
as a basic prescription to treat DN among TCM
practitioners.
As mentioned previously, a community is a group of
nodes that interact with each other more frequently than
with those outside of the group; in other words, edges
within a community are denser than those outside of it.20
Edges in the DNZCT represented treating relationships
prescribed by practitioners; therefore, communities could
be considered as representing consensuses among different
practitioners for the treatment of DN.
Previous research has shown that communities in net-
works with semantics, in which nodes and edges represent
attributes or semantics, can be evaluated by checking for
consistency with the semantics.1 We found that the iden-
tified communities in the DNZCT network all showed their
own features in semantics and medicine. For example, two
detected communities, community 1 and community 2,
contained a topic in common. Nodes and edges in commu-
nity 1 shared the topic of “blood stasis”, while nodes and
edges in community 2 shared the topic of “qi deficiency and
yin deficiency”. This result justifies applicability of the bi-
cluster algorithm for community detection in a two-mode
network from the perspective of community evaluation;
moreover, each community’s shared topic, represented by
Zhengs and corresponding treating herbs, in turn repre-
sented treatment principles and experience of DN treat-
ment from various practitioners. Each community in the
DNZCT indicated a different category of Zhengs and gave
corresponding treatment principles and herbs. For
instance, community 3 indicated a consensus on Zheng di-
agnoses regarding dampness retention and disordered qi
activity, with the corresponding treatment principle of
resolving dampness, removing turbid substances, and
restoring qi activity.
Large herb nodes indicated their high frequency of use
in clinical practice, and large Zheng nodes in the network
indicated commonly diagnosed Zhengs among DN patients.
By contrast, small nodes indicated infrequently used herbs
and seldom diagnosed Zhengs. We also found that large
nodes were usually clustered into large communities.
Community 1, for example, was relatively large and had
comparatively large nodes. It indicated “blood stasis”done
of the most common Zhengs in TCM clinical practice for
treating DN, which is often investigated by TCM practi-
tioners with regard to its removal. In fact, in TCM theory
“blood stasis” is a vital pathologic factor in the develop-
ment of DN.21 Therefore, large communities might tell us
that the majority of practitioners are likely to have similar
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278 X. Tong et al.points of view or consensuses on common Zheng diagnoses
and herb prescriptions. We also found that small nodes
tended to be clustered into small communities. Nodes in
communities 4, 5, and 6 were smaller and fewer than in
others, and there was only one small Zheng node and three
or four herb nodes in each community. This indicated that
Zhengs such as stirring of internal wind, blockage and
repulsion due to dampness-heat, and dysfunction in
essence storage were not as common as they were in large
communities, with herbs also not as frequently used as
they were in large communities. Therefore, small com-
munities might help us find unusual Zhengs and herbs and
elucidate the experience of a minority of practitioners.
However, another explanation regarding the meaning of
small communities is that because Zhengs of stirring of
internal wind, blockage and repulsion, and dysfunction in
essence storage were all in the late stage of DN, those
Zhengs are not usually treated by TCM herbal formulas
because dialysis and other replacement treatments are
invariably needed as these patients’ conditions
deteriorate.
Compared with communities 1, 2, and 3, communities
4, 5, and 6 were smaller, and Zhengs in those communities
were usually late-stage Zhengs with smaller nodes. In
large communities such as community 1, early- and
middle-stage Zhengs were represented the most. The size
differences of communities and nodes indicate that DN
treatment in TCM is often aimed at early and middle
stages. This coincides with the clinical understanding that
treatment of early-stage DN can effectively prevent dis-
ease progression, thus improving quality of life and
reducing mortality.21,22
Our study has a few limitations. Because all data came
from published articles, publication bias cannot be avoi-
ded. Also, overlapping communities may exist in this
network, whereas the community detection algorithm we

















H17 蝉蜕 Cicada Slough (CryptotympanaConclusion
The community detection-based approach proposed in our
study has shown good performance and promising results.
The results suggest that this approach is useful and feasible
for uncovering consensuses and treatment principles of DN
treatment. It could be expanded and used to address other
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Appendix B: ZHENG number and translation
Number ZHENG Translation
Z1 肺胃两虚 Deficiency in the lung and
stomach
Z2 封藏失职 Dysfunction in essence storage




Qi and yin deficiency of the liver
and kidney, and blood stasis
obstructing the kidney
collaterals




Deficiency in the spleen and
kidney, and internal retention of
turbid substances and blood
stasis




Deficiency in the spleen and
kidney, and blood stasis
obstructing the kidney
collaterals




Yang deficiency of the spleen
and kidney, and internal
retention of turbid substances




Dysfunction of spleen and
pancreas, and poison damaging
kidney collaterals
Z13 气虚血瘀 Blood stasis due to qi deficiency
Z14 气血两虚 Deficiency of both qi and blood
Z15 气血阴阳俱虚，
肾络瘀结
Deficiency of qi, blood, yin and
yang, and blood stasis
obstructing the kidney
collaterals
Z16 气阴两虚 Deficiency of both qi and yin
Z17 气阴两虚，瘀血
阻络
Deficiency of both qi and yin,
and blood stasis obstructing the
collaterals
Z18 气滞血瘀 Qi stagnation with blood stasis
Z19 肾虚血瘀 Deficiency in the kidney with
blood stasis
Z20 肾阳亏虚 Deficiency of kidney yang
Z21 湿热胶着 Internal retention of dampness-
heat
Z22 湿热生风 Stirring of internal wind due to
dampness-heat
Z23 水湿停聚 Internal retention of dampness
Z24 水瘀互结 Union of water and blood stasis
Z25 水湿痰浊夹瘀 Union of water, dampness,
phlegm, and blood stasis
(continued on next page)
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(continued )
Number ZHENG Translation




Deficiency in the spleen and




Deficiency in the spleen and
kidney, and internal retention of




Yang deficiency of the spleen
and kidney, and turbid
substances and blood stasis





Yin and yang deficiency of the
spleen and kidney, and internal
retention of phlegm, dampness,
and blood stasis (late stage)
Z31 晚期脾肾阴阳两
虚
Yin and yang deficiency of the
spleen and kidney (late stage)




Yang deficiency of the heart, and
internal retention of water and
blood stasis (late stage)
Z34 晚期阳衰浊毒瘀
阻
Yang deficiency and internal
retention of turbid substances
and blood stasis (late stage)
Z35 晚期阳虚水泛 Edema due to yang deficiency
(late stage)
Z36 晚期阴阳俱虚 Deficiency of both yin and yang
(late stage)
Z37 心脾两虚 Deficiency in the heart and
spleen
Z38 阳虚水泛 Edema due to yang deficiency
Z39 阴虚燥热 Dryness-heat due to yin
deficiency
Z40 阴虚血瘀 Yin deficiency with blood stasis
Z41 阴阳两虚 Deficiency of both yin and yang
Z42 早期肺肾阴虚 Yin deficiency of the lung and
kidney (early stage)
Z43 早期肝肾阴虚 Yin deficiency of the liver and
kidney (early stage)
Z44 中期脾肾气虚 Qi deficiency of the spleen and
kidney (middle stage)
Z45 中期脾肾阳虚 Yang deficiency of the spleen
and kidney (middle stage)




Deficiency of both qi and yin,
and blood stasis obstructing the
kidney collaterals (early stage)
Z48 早期气阴两虚，
肾虚不固
Deficiency of both qi and yin,




Deficiency of both qi and yin,
and internal retention of phlegm





Qi deficiency of the lung and
kidney, and internal retention of
turbid substances (middle stage)
Z51 中期脾肾两虚，
水瘀互结
Deficiency in the spleen and
kidney, and union of water and
blood stasis (middle stage)
Z52 中期脾肾两虚，
痰湿内蕴
Deficiency in the spleen and
kidney, and internal retention of




Yang deficiency of the spleen
and kidney, and dysfunction in
essence storage (middle stage)
Z54 中期脾肾阳虚，
水邪泛滥
Yang deficiency of the spleen
and kidney, and excessive water
retention (middle stage)




Deficiency of both qi and blood,
and internal retention of turbid
substances (middle stage)
Z57 中期气阴两虚 Deficiency of both qi and yin
(middle stage)
Z58 中期湿热水停 Internal retention of dampness-
heat and water (middle stage)
Z59 中期心肾气虚，
浊毒内留
Qi deficiency of the heart and
kidney, and internal retention of
turbid substances (middle stage)
Z60 中期阳虚水停 Yang deficiency and water
retention (middle stage)
Z61 中期阴虚水停 Yin deficiency and water
retention (middle stage)




Deficiency of both yin and yang,
and internal retention of turbid
substances (middle stage)
Z64 中期瘀血水停 Blood stasis and water retention
(middle stage)
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